The prevalence of pediatric cholelithiasis is increasing with the epidemic of childhood obesity. With this rise, the outcomes and costs of pediatric laparoscopic cholecystectomy become an important public health and economic concern.
T he landscape of pediatric gallbladder disease has changed over the past 3 decades. [1] [2] [3] While previously rare and largely attributable to hemolytic disorders, the prevalence of pediatric cholelithiasis has increased with the epidemic of childhood obesity. 4, 5 Several estimates report the prevalence of cholelithiasis among children to be as high as 1.9% to 4%, 1, 3, 6 with the increase in prevalence being proportional to the rising rate of childhood obesity. 7 One-third of American children are overweight or obese, 8 and similar rates have been reported in Canada. 9 At an approximate cost of $2721
per laparoscopic cholecystectomy, 10 this increase in pediatric gallstone disease represents an important public health and economic concern. While numerous studies have reported the increasing incidence of cholelithiasis in children, there is a paucity of data in the literature regarding outcomes of pediatric laparoscopic cholecystectomy. A report by the Canadian Pediatric Adverse Events Study 11 investigators indicated that surgical services account for 35% of all pediatric adverse events.
Identifying the morbidity of common surgical procedures is paramount to successfully reducing the risk of such adverse events. This has been a principal aim of the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) and its pediatric equivalent (NSQIP-P). 12 Furthermore, specific to laparoscopic cholecystectomy, there is a disparity in surgical volume for the procedure between adult and pediatric surgeons, and, to date, the implications of this have not been previously explored.
Optimizing patient outcomes is a cornerstone of surgical care and health services research. Considering the paucity of research and the increasing incidence of pediatric gallstone disease, there is a necessity to better study the surgical care of gallstone disease and, more specifically, laparoscopic cholecystectomy in the pediatric population. Accordingly, the primary objective of this study was to determine the factors associated with all-cause morbidity and cost after laparoscopic cholecystectomy among Canadian pediatric patients.
Methods

Study Design and Population
This study was a retrospective, population-based analysis of administrative data. Patients 17 years and younger undergoing laparoscopic cholecystectomy in Canada from April 1, 2008, until March 31, 2015, were included, excluding the province of Quebec. Quebec was excluded because its data are not accessible directly from the Canadian Institute for Health Information (CIHI), but only through the Quebec Ministry of Health and Social Services. All cholecystectomies (inpatient and outpatient) were included to ensure accurate estimates of surgeons' volumes. The analysis of the outcomes and costs was limited to inpatient cholecystectomies, which accounted for approximately 90% of all cholecystectomies. The data source was the CIHI Discharge Abstract Database. The CIHI database includes patient demographics, comorbidities, surgical procedure, and complications. This study received ethics approval from the Hamilton Integrated Research Ethics Board (HIREB). Informed consent from individual patients was not required because CIHI data are collected from a central agency with strict ethical oversight. Furthermore, data received by investigators from the CIHI are anonymized as per privacy protocols.
Outcomes of Interest
The primary outcome was all-cause morbidity. This was a composite outcome determined externally by the CIHI and included any documented complication during the index admission that extended length of stay by at least 24 hours or required a second, unplanned procedure. This outcome has been previously validated and is the most comprehensive clinically relevant outcome within the CIHI Discharge Abstract Database data set. 13 A secondary outcome was the cost of the index admission. These outcomes of interest were determined before data analysis. Odds ratios and 95% CIs were estimated using multilevel logistic regression models. The CIHI uses a standardized costing method in which a resource intensity weight is assigned to each patient based on resource use. This is then multiplied by the mean cost per weight unit, which is controlled for the health region and year in which the admission occurred. The cost analysis was adjusted for inflation, and costs are reported in 2015 Canadian dollars.
Prognostic Factors
Prognostic factors of interest included patient, hospital, and surgeon factors. Patient factors were sex, age, operative indication (gallstone disease vs other indication), patient comorbidities, emergency admission type, and complications. Hospital factors included volume (presented as effect per 20 pediatric cases). This was highly correlated with being a pediatric center; therefore, a prognostic factor for pediatric centers was not included. Surgeon factors were volume and specialty (pediatric surgeon vs general surgeon). Two different volume prognostic factors were used in this study. First, the total number of laparoscopic cholecystectomies completed, regardless of age, during the study period was used as total volume. This was to explore the association of adult cholecystectomy volume with outcomes after pediatric cholecystectomies by general surgeons. For total volume, high-volume surgeons were
Key Points
Question What factors are associated with the morbidity and cost of laparoscopic cholecystectomies in Canadian children?
Findings Among 3519 laparoscopic cholecystectomies in this study, population data, operative indication, patient comorbidities, and total surgeon volume were found to be associated with both the morbidity and cost of pediatric laparoscopic cholecystectomy.
Meaning Surgeon volume should be an important consideration when Canadian children are referred for laparoscopic cholecystectomy from both a patient safety and economic perspective.
compared with low-volume surgeons. A high-volume surgeon was defined as one who had completed 50 or more laparoscopic cholecystectomies over the 7-year study period. This cutoff was empirically derived through a univariate exploration of the data. In addition, total volume and specialty were combined to explore the association of high-volume pediatric surgeons compared with low-volume pediatric surgeons and to avoid colinearity (because most pediatric surgeons were low volume). The second volume outcome was pediatric laparoscopic cholecystectomy volume, which was used to determine whether pediatric volume was singularly important for pediatric outcomes.
Statistical Analysis
Descriptive statistics (means, medians, SDs, and interquartile range) were used to characterize the patient population where applicable. The χ 2 statistic was used to assess the association between all-cause morbidity and categorical variables, and analysis of variance (ANOVA) or t test was used for continuous variables where applicable. Risk-adjusted hierarchical regression models were used to determine predictors of morbidity and cost. To better delineate for unmeasured confounding at the hospital and clinician level and to account for correlation, surgeon and hospital identifiers were used as independent random effects for both models. Fixed effects included sex, age, operative indication, comorbidity status, admission type, surgeon total volume, surgeon specialty, annual surgeon volume (pediatric), annual hospital volume (pediatric), and complications (for cost analysis). Morbidity was modeled using a logistic hierarchical regression, whereas cost was modeled using the standard linear regression. Monte Carlo Markov chain estimation was used for all models, with 100 000 iterations after a 5000-iteration burn-in. All chains were examined for convergence. Statistical significance was set at 2-sided P < .05. Data were analyzed using Stata (version 12.1; StataCorp LP) and MLwiN (version 2.26; Centre for Multilevel Modeling, University of Bristol).
Results
Over the study period, 3519 laparoscopic cholecystectomies were performed in Canadian children, not including those living in Quebec. Of these, 79.1% (n = 2785) were in girls, and the median age was 15 years. Few cholecystectomies were performed in children younger than 4 years. Further demographic information is listed in Table 1 . Ninety-eight percent (n = 3450) of all cholecystectomies were performed for gallstone disease, and 31.7% (n = 1114) were conducted in an emergency setting. Hereditary spherocytosis accounted for the largest proportion of non-gallstone-related cholecystectomies (n = 16). The most common comorbidities were consequences of gallstone disease and included cholecystitis, choledocholithiasis, and biliary pancreatitis. Non-gallstonerelated comorbidities included sickle cell anemia (n = 29), umbilical hernia (n = 21), and hereditary spherocytosis (n = 12). There was no association between comorbidity status and whether a patient received care by a pediatric or general surgeon. More than half of cholecystectomies in children were performed by high-volume general surgeons. The 2 most common complications were nausea or vomiting and pain. Table 2 lists the univariate association between patient and health system factors and all-cause morbidity after cholecystectomy. Of the 3519 patients undergoing a laparoscopic cholecystectomy, 137 (3.9%) had some form of morbidity. The morbidity rate in boys was 6.3% (46 of 734) and in girls was 3.3% (91 of 2785) (P < .001). Patients with comorbidities had a morbidity rate of 9.4% (65 of 693) compared with 2.5% (72 of 2826) in their healthy counterparts (P < .001). Surgeon volume was significantly associated with morbidity rate, with the highest rate observed in low-volume pediatric surgeons. This finding also held true in the subset analysis for children younger than 12 years. Finally, hospitals with greater pediatric volumes incurred more morbidity than hospitals with low pediatric volumes. In the unadjusted analysis, emergency admission was not related to increased morbidity.
Unadjusted cost differences are listed in Table 3 . The mean (SD) unadjusted cost of a laparoscopic cholecystectomy was $4115 ($7273). The most significant increase in cost occurred in cases completed for indications other than gallstone disease, with an excess of $15 393 (95% CI, $4980-$25 807; P = .004). Laparoscopic cholecystectomies were more expensive in cases with complications by $9153 (95% CI, $3808-$14 498; P = .001) and in children with comorbidities by $3490 (95% CI, $2343-$4636; P < .001). High-volume general surgeons were able to perform laparoscopic cholecystectomies for the lowest cost, with a decrease of $2615 (95% CI, −$3369 to −$1860; P < .001) from the mean. Before adjustment, annual hospital volume and clinician pediatric volume were also associated with an increased cost.
The adjusted odds of all-cause morbidity are listed in Table 4 . The factors that significantly affected morbidity were operative indication (gallstone disease vs other), comorbidities, surgeon volume, and surgeon specialty. The morbidity rate of laparoscopic cholecystectomy in patients with indications other than gallstone disease was 8.07 (95% CI, 3.83-14.80; P < .001) times that of patients with gallstone disease. The morbidity rate of patients with comorbidities was 2.68 (95% CI, 1.78-3.86; P < .001) times that of their healthy counterparts. The morbidity rate for pediatric laparoscopic cholecystectomy was 68% lower when the operation was performed by a high-volume adult general surgeon compared with a low-volume pediatric surgeon (OR, 0.32; 95% CI, 0.12-0.69; P = .005). Within the CIHI database and using the definition for high-volume surgeons given in the Prognostic Factors subsection of the Methods section, only 7 high-volume pediatric surgeons were identified in Canada. After adjustment for other confounding factors, annual hospital volume and clinician pediatric volume were no longer significantly associated with morbidity. Emergency admission was again unrelated to morbidity. Owing to the few outcomes in the subset analysis for children younger than 12 years, this group could not be incorporated into the regression analysis. Table 5 lists the estimated cost difference by patient and health system factors after adjustment for potential confounders. The most significant association with cost was seen for operative indication, with indications other than gallstone disease resulting in an increase of $12 706 (95% CI, $11 099- There was no significant difference in cost for low-volume general surgeons and high-volume pediatric surgeons. Patient sex and age and hospital pediatric volume were not associated with a cost difference after adjustment.
Discussion
In this large retrospective, population-based study among Canadian children, we found that indication for surgery, comorbidities, and surgeon volume were all associated with morbidity. Most important, this is one of the first studies, to our knowledge, to demonstrate that adult surgical volumes are associated with pediatric outcomes because high-volume general surgeons had an odds of all-cause morbidity that was 68% lower than that of low-volume pediatric surgeons. This study is also the first to examine the cost of pediatric laparoscopic cholecystectomy in Canada, and we found complications and emergency admissions, in addition to the 3 aforementioned variables at the beginning of this section, to be implicated in the cost differences in pediatric laparoscopic cholecystectomy. The overall morbidity rate after pediatric laparoscopic cholecystectomy was 3.9% in our analysis. A similar study 14 conducted in the United States in 2011 found an overall complication rate of 15% after pediatric laparoscopic cholecystectomy. The most common complication in that study was gastrointestinal, with a rate of 6.6%, compared with a rate of 0.6% for nausea or vomiting in our analysis. Another study from the United States, by Sacco Casamassima et al, 15 used NSQIP-P data and found an overall complication rate of 13.6% for all pediatric laparoscopic cholecystectomies. Their study aimed to identify the safety of outpatient cholecystectomy in children and concluded that outpatient laparoscopic cholecystectomy was safe in properly selected patients. Their 30-day readmission rate was 1.4% and their 30-day reoperation rate was 0.7%. Our study also examined the cost of pediatric laparoscopic cholecystectomy in Canada. We found that the mean unadjusted cost of a laparoscopic cholecystectomy in Canadian children was $4115. Cholecystectomies for gallstone disease cost less than those performed for other indications. Patient comorbidities, emergency admission, and complications all increased cost. Previous studies in the adult population have demonstrated higher costs for laparoscopic cholecystectomies performed in the emergency setting. 16 Patient comorbidities and postoperative complications have also been shown to increase the costs associated Perhaps most notably, adult surgeon volume was found to be associated with all-cause morbidity independent of pediatric volumes. Low-volume pediatric surgeons had almost 3 times the morbidity of high-volume adult general surgeons. Within the CIHI database, there were only 7 high-volume pediatric surgeons, which did not allow for an adequate comparison of high-volume pediatric surgeons vs general surgeons. These findings are consistent with the 2012 study by Chen et al, 14 which found surgeon volume, rather than specialty training, to be a better predictor of postoperative outcomes after pediatric laparoscopic cholecystectomy. However, their study did not explore the association of adult volumes with outcomes. Previous studies examining surgeon specialty and volume have found that pediatric surgeons have better outcomes after pediatric inguinal hernia repair 18 and pyloromyotomy 19 and have lower negative appendectomy rates compared with adult general surgeons. 20 However, in the case of laparoscopic cholecystectomies, it has been suggested that general surgeons have improved outcomes because they are able to "borrow" from their adult cholecystectomy experience, especially in older children with similar anatomy. 14 Moreover, unlike the aforementioned procedures (inguinal hernia repair, pyloromyotomy, and appendectomy), the volume differential in laparoscopic cholecystectomy favors the general surgeons. The lower morbidity rate demonstrated by adult general surgeons was also seen herein in the subset analysis of children younger than 12 years, suggesting that the difference at the population level is not simply attributable to pediatric surgeons operating on younger patients. Finally, in our study, hospital volume was not associated with a difference in morbidity, suggesting that it is truly the clinician's experience, rather than disparities in hospital infrastructure and resources, that accounts for the difference in outcomes. Our findings are likely more robust than those of previous studies because we explored both the adult volume and pediatric volume of general surgeons. This study evaluated the outcomes and costs after pediatric laparoscopic cholecystectomy in a national cohort and has several important findings. Our study demonstrates the implications of distinct practice patterns for laparoscopic cholecystectomies between adult and pediatric surgeons. Whereas laparoscopic cholecystectomy is a common, highvolume procedure for adult general surgeons, this may not be the case for pediatric surgeons. In Canada, only 7 pediatric surgeons performed more than 50 laparoscopic cholecystectomies during the 7-year study period, and those who did not meet this volume threshold demonstrated substantially higher odds of all-cause morbidity. This is notable because, while volume-outcome relationships and cholecystectomies are not a major area of study for adult general surgery, it is perhaps more important in pediatric surgery owing to lower volumes. This finding is adjusted for pediatric surgical volume, which indicates that the volume and experience in the adult population is applicable to the pediatric population. In our study, the association with volume also affected costs independent of complication rates because cholecystectomies performed by high-volume general surgeons were almost $2000 less costly than those performed by lowvolume pediatric surgeons. The reasons for this difference are beyond the scope of this study; however, it may be related to increased familiarity with the procedure and shorter lengths of stay. The public health implications of this study indicate that laparoscopic cholecystectomies, especially in older children, can be safely performed by adult general surgeons.
Strengths and Limitations
A strength of our study is that, to our knowledge, it is the first to examine outcomes after pediatric laparoscopic cholecystectomy in Canadian children, as well as the first to conduct a cost analysis. We used the CIHI Abstract Database, which is a highly accurate data source and allowed for examination of national data. Nevertheless, our study was susceptible to the limitations inherent in any large administrative database, including coding and recording error. Furthermore, given the Abbreviation: NA, not applicable.
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Factors Associated With Outcomes and Costs After Pediatric Laparoscopic Cholecystectomy few high-volume pediatric surgeons, our study was not sufficiently powered to detect a difference between high-volume pediatric surgeons and high-volume general surgeons; therefore, we can only draw conclusions based on surgeon volume and not specialty training. In addition, information regarding anesthesiologists was unavailable in the CIHI database; therefore, we were unable to track whether certain complications were attributable to the anesthesia technique. While there is some evidence suggesting that pediatric anesthesia training reduces the risk of major cardiorespiratory complications,
